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Project Summary  
Software effort estimates are necessary and critical at an early phase for decision makers to establish initial 
budgets, and in a government context to select the most competitive bidder for a contract. The challenge 
is that estimated software requirements is the only size information available at this stage, compounded 
with the newly increasing adoption of agile processes in the United States (U.S.) Department of Defense 
(DoD). 
 
The objectives are to improve cost estimation by investigating available sizing measures, and providing 
practical effort estimation models for agile software development projects during the contract bidding 
phase or earlier.  
 
This analysis explores the effects of independent variables for product size, peak staff, and domain on 
effort. The empirical data for model calibration is from 20 industrial projects completed recently for the 
US DoD, among a larger dataset of recent projects using other lifecycle processes.  
 
Statistical results showed that initial software requirements is a valid size metric for estimating agile 
software development effort. Prediction accuracy improves when peak staff and domain are added as 
inputs to the cost models.  
 
It is concluded that these models may be used for estimates of agile projects, and evaluating software 
development contract cost proposals with inputs available during the bidding phase or earlier. 
 
Keywords: agile software processes, software cost estimation, software effort, software size, software 
requirements, requirements volatility, peak staff, domain, productivity, interfaces 
 
Background 
In the U.S. DoD, it is necessary and most critical to estimate software development cost in early lifecycle 
phases when limited data is available. These initial estimates are used to evaluate proposals for 
government source selection, and to establish initial program budgets. More realistic estimates in the 
beginning will minimize project cost overruns.  
 
The problem is compounded because agile software processes are increasingly used in the DoD, and 
acquisition practices must keep pace with the changes. Agile development processes (e.g. Scrum, Extreme 
Programming) have been more prevalent in industry, and are now being adopted more across the DoD 
and other government agencies. Thus, there is a dire need for new, accurate, credible cost models 
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calibrated to actual project data. This study uses empirical data from completed industry projects 
extracted from a DoD database. The majority of agile projects were submitted in the last two years.  
 
The results are significant because the data provides initial empirical-based insight into DoD agile 
projects. It also introduces the first cost model calibration to completed agile software projects in the 
database, and a first comparison of productivity with traditional processes.  
 
The subset of agile projects is the primary focus of this work. Results of the larger study covering all 
projects and process types are not addressed in this paper, except for a summary comparison of 
productivity for agile vs. non-agile projects.  
 
An important distinction of this approach is using early phase initial estimates for model inputs and 
historical calibration of the cost model. This is pragmatic since those initial estimated inputs are the only 
information available for the early phase budgeting.  
  
The source of actual industrial data for the DoD is the Cost Assessment Data Enterprise (CADE) 
repository (http://cade.osd.mil) owned by the Office of the Secretary of Defense for Cost Assessment and 
Program Evaluation (OSD CAPE). The quantitative project data is contained in Software Resources Data 
Report (SRDR) records. The DoD acquisition process outlined in the DoD Instruction 5000.02 policy 
Operation of the Defense Acquisition System mandates the SRDR as a regulatory contract reporting 
requirement (Department of Defense, 2011).  
 
The SRDR is used to obtain both the estimated and actual characteristics of new software developments or 
upgrades. Both the government program office and later the software contractor submit the SRDR. It 
constitutes a contract data deliverable for contractors that formalizes the reporting of software metric and 
resource data.  
 
Previously, early phase cost estimation relationships for the DoD were developed from SRDR data in the 
CADE repository using size in source lines of code and military application domain as predictors (Clark & 
Madachy, 2015). However, none of the data was for agile projects.  
 
In 2009, a new Defense Authorization Act required DoD to implement a new acquisition process for IT 
systems (Department of Defense, 2016). This new process included principles of agile development such 
as early and continual involvement of the user, multiple rapidly executed increments or releases of 
capability, early successive prototyping to support an evolutionary approach, and a modular open-systems 
approach.  
 
The current SRDR forms include identification of the software development process used with agile being 
an option (see Section IV-B for more details). Supplemental details of the processes can be provided in an 
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associated data dictionary. Agile process definitions for the DoD and implementation guidelines are 
provided in (Department of Defense, 2016) and (Government Accountability Office, 2012). 
 
Findings and Conclusions 
The regression analysis indicates initial software requirements is a valid size measure for predicting agile 
software development effort at early phase. An effort estimating model only based on software 
requirements is statistically significant but not very accurate. The model accuracy improves after peak 
staff and super domain are incrementally added to the model.  
 
The models may be used for validating contract cost proposals for agile software projects for independent 
government cost estimates, as the input variables used in the study are often available during the bidding 
phase.  
 
Since the data was collected at the component level, the resulting models may not be appropriate for 
projects reported at the aggregate level due to the excluded cost of subsystem integration. The models 
have also not been validated outside of the regression models’ dataset size range.  
 
A related result of interest from this first batch of CADE data containing agile projects is a productivity 
comparison. The dataset indicates that agile software projects appear to be more productive than non-
agile projects, and this will be updated in the future with larger samples.  
 
There are some possible threats to validity. This study only examined the impact of software 
requirements, peak staff, and super domain on development effort. A future investigation should analyze 
the impact of other cost drivers such as percent requirements reuse, volatility, process maturity, and 
personnel experience.  
 
The study did not apply a size complexity weight factor to the initial software requirements to account for 
the fact that some requirements can be more complex than others. A future study will mitigate this 
shortcoming by asking each organization to apply discrete weights (easy, nominal, and difficult) to the 
estimated requirements similar to the one used in the Constructive Systems Engineering Model (Valerdi, 
2005). 
 
In principle, the analysis framework may apply to commercial sector systems, but this study did not have 
the data to test this hypothesis.  
 
A larger dataset beyond 20 projects is preferable to increase model validity and accuracy, and this data 
collection is ongoing. 
 
Recommendations for Further Research 
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There are important areas of future work to improve the usefulness of these model types for practitioners. 
The software granularity of modeling can be finer. We intend to develop similar regression models for 
agile projects using a dataset greater than 20. We will also examine the impact of software requirements 
on software development effort while controlling for the effects of development process, process maturity, 
and percent reuse.  
 
Given the process trends, DoD acquisition practices must keep pace with the changing processes. Our 
research will support this on technical and regulatory levels. Results will be transitioned at DoD venues.  
 
New cost estimating relationships (CERs) for agile processes across the domains will go in the next edition 
of the Software Cost Estimation Metrics Manual for Defense Systems. Recommended improvements to 
the SRDR to cover agile processes and size measures will also be submitted to the OSD CAPE for 
incorporation. 
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